Genesis, Uses and Environment Implications of Iron Oxides and Ores by Egirani, Davidson E. et al.
Selection of our books indexed in the Book Citation Index 
in Web of Science™ Core Collection (BKCI)
Interested in publishing with us? 
Contact book.department@intechopen.com
Numbers displayed above are based on latest data collected. 
For more information visit www.intechopen.com
Open access books available
Countries delivered to Contributors from top 500 universities
International  authors and editors
Our authors are among the
most cited scientists
Downloads
We are IntechOpen,
the world’s leading publisher of
Open Access books
Built by scientists, for scientists
12.2%
122,000 135M
TOP 1%154
4,800
Chapter 2
Genesis, Uses and Environment Implications of Iron
Oxides and Ores
Davidson E. Egirani, Mohd T. Latif, Nanfe R. Poyi,
Napoleon Wessey and Shukla Acharjee
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/intechopen.75776
© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
vi s   .  ir i,   . L tif, f   .  yi, 
l     l   j
dditional infor ation is available at the end of the chapter
Abstract
Iron oxides are chemical complexes which occur naturally, comprising iron and oxygen. 
Here, together, 16 types of iron oxides and oxyhydroxides have been identified. These 
two components of oxides are widely spread naturally. They are vital to humans and 
useful in most geological and biological activities. In addition, they are useful as pig-
ments and catalyst in industries and hemoglobin in blood circulation. The interplay and 
conversion of these components from one form to another are essentially controlled by 
bacterial species. These contain 70 and 72% iron, respectively. Furthermore, iron ores are 
classified in terms of occurrence. Banded iron formation (BIF) comprises 15% iron, com-
prising minerals of iron that are bedded besides silica. Beneficiation processes of iron ore 
generate dust in the atmosphere, acid mine drainage in the ecosystem and metallic iron 
for steelmaking. Beneficiation process requires dissolution of minerals surrounding the 
ore and the release of metals and cement matrix into water courses. These generates acid 
leading to acid mine drainage. Therefore, there is a need for impact assessment of the 
environment in the planned beneficiation cycle. Sustainable beneficiation must be done 
to reduce impact on the natural, social or economic environment.
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1. Introduction
The genesis, uses and environmental implications of iron oxides and ores remain a topic of 
interest to academics, industrial players and environmentalist. Oxides of iron are chemical 
compounds widely spread naturally, comprising iron and oxygen. Here, two components of 
oxides are widely spread naturally. They are relevant to humans and useful in most geological 
© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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and biological activities [1]. In addition, they are useful as pigments and catalyst in industries 
and hemoglobin in blood circulation. Iron oxides that are economically viable in natural and 
beneficiated forms are considered as second to oil and gas in relation to demand and utility 
in the global market. They occur as divalent compound, trivalent compound and a combina-
tion of both. The interplay and conversion of these components from one form to another are 
essentially controlled by bacterial species. These bacteria use iron and reduce trivalent iron 
oxides to divalent form during metabolism.
Different geological conditions control the spread of iron ore deposits worldwide. They 
occur in basins of sedimentation, with eroded, deep-seated intrusive and where deep tropical 
weathering conditions prevail. Magnetite deposits occur in the deeply dissected regions of 
plutonic intrusions in North America [2, 3].
Several authors have provided information in the environmental outcome of exploration and 
exploitation of iron ore. These include pollution of the atmosphere and ecosystem courses of 
water. Pollution of the atmosphere involves release of poisonous gases such as nitrous oxide, 
carbon dioxide, carbon monoxide and sulfur dioxide. Pollution of the ecosystem involves 
release of metal load into courses of water. While there is limited remediation programme on 
the former, the latter has gained considerable attention, and elaborated ochre is a product of 
the aqueous oxidation of iron and oxides of iron [4–7].
2. Genesis
Natural iron oxides occur extensively and are obtained from deposit of various types. 
Hematite is mainly sourced from iron ore of sedimentary origin inclusive hydrothermal, 
metamorphic and volcanic deposits. Mafic and ultramafic rocks are linked with magnetite. 
This is also associated with skarn-type metamorphic deposits. Products of weathering such 
as limonite, ochre, sienna, umber and goethite exist in gossans. In addition, they are obtained 
from sulphide minerals and other iron-rich rocks [8].
Deposits precipitated from seawater are used in production of umber. These are located on 
the seafloor. Sulphide deposits are known to provide ochre and iron oxide coatings via oxi-
dation. Black pigments are provided by magnetite deposits besides red and yellow ochre 
and iron oxide coatings derived from weathering of magnetite. Hematite deposits outcrop 
around the margins of the great sedimentary basins worldwide. There are oxide-rich depos-
its of igneous and metamorphic origin in Sweden. In Africa, good quality iron ores lie near 
the Mediterranean in Morocco and Algeria. There are extensive deposits in Brazil, India and 
China. Iron ore deposits are distributed widely in different geological formations [9].
The largest concentrations of ore are found in Precambrian age banded sedimentary iron for-
mations. These formations make up the bulk of the world’s iron ore incomes. These ores vary 
from hard blue massive type to soft, friable or schistose texture. The orebodies generally stand 
out as ridges with the ore both on the crests and on the flanks. Small patches are enriched 
by manganese derived from surface solution. The iron content extends from 64 to 68% after 
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beneficiation. The leached out iron could be carried downwards to be precipitated as bodies 
of ochre and iron oxide coatings within the existing sedimentary rocks. This product is a soft 
earth mixture of hematite, limonite and goethite from which various red and yellow ochre 
and iron oxide coatings can be extracted [10].
The main product is a dark red hematite variety. Some ore deposits consist of magnetite with 
occasional hematite; varying amounts of sulphide occur mostly as pyrite and pyrrhotite with 
minor amount of chalcopyrite. The ore is composed of ferriferous oolites and grains of quartz 
bounded by a cement of clay minerals or of chlorites and carbonates. The oolites consist of 
iron hydroxides or limonite, with variable proportions of silica, alumina and phosphorus. The 
strikes of the orebodies are sometimes in accordance with the iron formation and sometimes 
discordant. The high-grade ore could be magnetite that is partially oxidized at the outcrops to 
hematite, with minor quantities of silicate minerals, anthophyllite and chlorite [11].
Deposits of iron may be categorized under the following: magmatic, sedimentary and metamor-
phic. In some regions of the world, the major sources of high-grade iron ore are derived from 
magmatic iron and metasomatic hydrothermal iron deposits. These especially the skarn-type 
iron deposits are mainly associated with intermediate-felsic igneous rocks, with only a minor 
proportion related to mafic intrusions. The iron redox cycle is a substantial process that exists in 
most terrestrial environments, which can be conducted by both abiotic and microbial processes. 
In anoxic, pH-neutral environments, microbial Fe(II) oxidation is driven by either nitrate-reduc-
ing bacteria, photoferrotrophic bacteria or neutrophilic microaerophilic bacteria [11, 12].
Microbial Fe(III) reduction forms the other component of the Fe cycle, generated by intracel-
lularly by magnetotactic bacteria [12] or outside of the cell wall by dissimilatory iron-reducing 
bacteria. These combines with the oxidation of organic substrate or hydrogen with the reduc-
tion of poorly crystalline, short-range ordered Fe(III) minerals (e.g. ferrihydrite) [13]. This can 
lead to the development of many different iron mineral phases and compounds including 
goethite, magnetite, green rust and siderite (Fe2CO3). The mineralogical composition of these products of reduction depends on geochemical parameters, inclusive Fe(III) reduction rate, 
pH, temperature and the availability of electron shuttle [14, 15].
Based on redox condition, magnetite can donate or accept electron in different metabolic pro-
cesses involving Fe. In this respect, knowledge of the mineralogical outcomes of biominer-
alization characteristics can help provide signatures of microbial reactions with fluid, rocks, 
mineral deposits and subsequent diagenesis. Banded iron formation (BIF) is a chemically pro-
duced rock of sedimentary origin. This was precipitated in Precambrian time, comprising 
intercalated microcrystalline quart, iron oxides and silicates rich in iron. In line with deposi-
tional settings, the BIFs fall into Algoma type and superior type [16–18].
The constituents are discontinuous silica- and iron-rich bands with similar mineralogical 
properties of Fe, chert and carbonate minerals. Arc/back-arc basins or intra-cratonic rift zones 
host the Algoma type, and the latter is hosted by clastic carbonate rocks linked with shallow 
marine environments. As the main mineral constituents of BIFs, magnetite has been broadly 
reported for BIFs’ depositional systems, mineralization characteristics and possible microbial 
involvements. Chemical and sedimentary methods in normal seawater could produce marine 
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Fe-Mn oxides/oxyhydroxides. These are formed by precipitation of micron range particles of 
these components onto rock substrates at seabed [19–21].
The Itakpe iron ore deposit in Nigeria with an estimated reserve of about 200 million ton 
was discovered in 1977. The areal extent of this deposit spans about 3000 m in length inclu-
sively in several layers of ferruginous quartzite. Tectonically, this deposit is located at the 
southern flank of the Itakpe-Ajabanoko anticline with host rock and ore layers striking sub-
latitudinally and slightly bending to the north and dipping southwards with local minor-fold 
complexes. Itakpe iron ore deposit comprises variable constituents of hematite and magnetite 
and particle sizes. This deposit with an Fe content of 35% consists of fine ores occurring in thin 
layers and coarse-grained mixed components. Direct-reduced iron (DRI) is the direct reduc-
tion of iron ore to iron n steel making. The DRI constituents of the pellet include: slag contain-
ing oxides of calcium, magnesium, alumina, silica. DRI pellets contain 67% Fe and 3% silica. 
In establishing a steel plant, availability of economically beneficiated iron ore deposit stands 
out as the main factor. The concentrates required at Ajaokuta and Delta steel plant would be 
supplied by the Itakpe iron ore deposit [22–25].
2.1. Uses
A mixture of ferrous or ferric oxides constitutes iron oxides provided for pigments. These 
may contain impurities of manganese oxides, clay and silica. Oxides of iron remain one of 
the pigments of natural origin inclusive titanium dioxide. They are highly valued because 
they possess non-toxic, inert, opaque and weather-resistant properties. Oxides of iron consti-
tute the main component of products in the pharmaceutical industry, paint industry, plastic 
industry, ink industry and cosmetic industry. Oxides containing mica provides anticorrosion 
properties. Natural pigments which qualify for these applications are limited in occurrence. 
Thus, synthetic iron oxides obtainable from iron compounds have better uniformity, purity of 
color, consistency and strength [26, 27].
The physical characteristics of these oxides are more valuable than chemical composition. The 
suitability of a material for pigment application is dependent on grindability, color uniformity and 
strength of tinting. Besides these properties, chemical purity is also important for its application 
in the pharmaceutical and cosmetic industries. Calcination of pyrite and siderite provides iron 
oxides which meet characteristics for these applications. Other beneficiation processes for com-
mercial production of pigments include decomposition of iron compounds by thermal method, 
oxidative precipitation of iron salts and reductive process on organic compounds [28, 29].
Synthetic pigments override natural pigments due to their proximity to the place of use and 
meeting required specifications. The use of magnetite in dense medium separation is based 
on its physical properties: specific gravity and magnetism. Thus, magnetite could be recov-
ered and used again. Magnetite provides separation of high-density minerals and washing of 
coal. The banded ores contain thin bands of hematite and magnetite alternating with bands 
of quartz schists, jasper and iron silicates with occasional bands of siderite. In more meta-
morphosed varieties, hornblende, olivine and garnet are present. Sulfur and phosphorus are 
low. Concentration is achieved by roasting to reduce the hematite to magnetite, crushing and 
magnetic separation followed by sintering and briquetting [29, 30].
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Iron oxide pellets are used as the raw material in shaft furnace smelting. This is due to their 
uniformity in size, enormous strength and excellent permeability. However, production may 
be hampered by the rupture and fragmentation of pellets. Strength of pellet is closely con-
nected to the modification of internal structure. In high-temperature reduction process, the 
strength changes are led mainly by internal stress. Phase alteration of oxides of iron in process 
of reduction may generate internal stress. To avoid this, magnetite should take the place of 
hematite crystalline in the pellet oxide roasting process. This will reduce volume expansion 
during reduction process [31–33].
Direct-reduced iron (DRI) has been carried out in recent times to provide justifiable metal-
lurgical operations. DRI possesses enormous benefits because it does not depend on coke-
making and sintering. Where coke-making and sintering are fronted at the conventional blast 
furnace, then ironmaking ends up being a costly process and is consistently causing envi-
ronmental concerns. The DRI procedure consists of reduction of iron oxide by carbothermic 
method and converted natural gas. In this process, volatiles are directly liberated during coal 
devolatilization besides carbon monoxide regeneration from coal char. This process provides 
application prospect for the high volatile coals, which were ordinarily impractical in the steel 
industry. Extensive work has been reported on reduction of iron ore and coal-ore mixtures 
and its kinetics [34, 35].
Optimization of the coal-based DRI process requires understanding of the thermal properties 
of the coal-ore mixtures and mechanism reactions of reduction, which have still not been well 
understood. It is therefore necessary to have an insight into fundamental mechanisms for 
these complex reactions. The Itakpe iron ore is the deposit of the main concern to the Nigerian 
steel industry. The ore comprises substantial quantity of quartz and silica present itself in par-
allel layers to each other. About 29–37% Fe is contained in the ore grade, thus averaging 35% 
Fe. High flue dust losses are the basic characteristics of constituents which provide marked 
interruption during reduction. In addition, this could lead to attenuated furnace operation. 
Reducibility and clustering behaviour are significantly influenced by additions of 5% slaked 
lime to Itakpe iron ore pellet [36, 37].
The consequence of iron ore tailings (IOT) on modification of cement tropical black clay was 
considered. The naturally occurring soil was worked on using 4% cement and 10% IOT per 
soil dry weight. Samples of tested soil compressed with British Standard measurement mech-
anism were exposed to catalog, sieve examination, compaction and shear strength paramet-
ric study. The outcome of laboratory study displaying attributes of the improved soil was 
enhanced when tested with cement-IOT blends. Experimental results expressed attenuation 
of the satisfactory fraction, attenuation in liquid and plastic limits and enhancement in opti-
mum dry density, with a reduction in optimum content of moisture (OMC) besides attenua-
tion in shear strength rate of the natural soil [38].
2.2. Environmental implications
The role of ochre and oxides of iron in copper and zinc adsorption has been studied by [39–48].
Ochre and oxides of iron present in aqueous metal load are known to be good adsorbents. 
Heavy metal contaminants especially heavy metal load in the aquatic environment, discharged 
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by acid mine drainage and treatment plant liquids, constitute the principal derivatives of tar-
nished water channels. Limited reports of heavy metal removal exist. However, the utilization 
of oxides and oxyhydroxides inoculated with sulphide of zinc within sulfidic-anoxic setting 
is a new dimension of research [39, 40]. This report centred on investigating heavy metal 
load removal onto ochre and iron oxide coatings from virtual wastewater related to effluents. 
At ambient temperature, batch mode techniques involved inoculating sulphide containing 
heavy metal into mineral system of ochre and iron oxide coatings [41].
pH of solution, quantity of metal at the onset of reaction, concentration of adsorbent and 
reaction time were variables investigated (Table 1). There was a strong understanding that 
goethite-ochre and iron oxide coatings exhibited a linear increase in the adsorption of heavy 
metal load as solution pH was increased. In addition, quantity of adsorption increased with 
increase metal concentration [41–44].
Some mineral systems including ochre and oxides of iron coatings confirmed neither promo-
tive nor non-promotive adsorption of heavy metal load throughout the series of concentration 
of particle investigated. Adsorption of heavy metal load by ochre and iron oxide coatings 
revealed a complex attitude throughout the period of aging investigated. Performance of 
adsorption was dependent on availability of different sites of reaction [45].
Adsorption of heavy metal load was examined by means of single and mixed mineral sys-
tems containing ochre and iron oxide coatings within sulfidic-anoxic environment in the 
Characteristics Weight (%)
SiO2 0.30
Al2O3 0.18
FeO 62.62
MgO 0.03
Na2O 0.00
CaO 0.23
MnO 0.06
K2O 0.02
Cu (ppm) 0.14
Zn (ppm) 0.18
Surface area (m2/g) 97.00
% (<1000 nm) colloid 1.83
Particle size range (μm) 0.01–100.00
pH ± σ 3.00
Point of zero salt effect (PZSE) 7.13
Table 1. Characteristics of Parys Mountain ochre, United Kingdom [46, 47].
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characteristics of wastewater obtained from abandoned mine pits at Parys Mountain in the 
United Kingdom. Bodies of water are the receivers of these contaminants. In these bodies of 
water, human activities including fishing exist. Effort was made to bring down the levels of 
heavy metal load intake in the bodies of water by means of ochre and iron oxide coatings. 
These were verified with the mine liquid waste for adsorption characteristics at different pH, 
concentration of solid and reaction time. In addition, levels of saturation of hydroxyl chemi-
cally bonded components were modeled. Reactions by batch techniques at ambient tempera-
ture provided ochre and iron oxide coatings adsorbed more heavy metal load (Figure 1). In 
addition, heavy metal load adsorbed on oxides of iron displayed increases in adsorption with 
increase in pH [46, 47].
There was cross-cutting pH characteristics of heavy metal load adsorbed on goethite at pH = 7. 
These provided similar reduction of metal characteristics at the crossover pH. Differences in 
heavy metal load reduction may be aligned to linkages between adsorbate and water mol-
ecules attached to adsorbent and direct attachment of adsorbate to adsorbent. Non-promotive 
effect of, i.e. attenuation in metal reduction with enhancement in concentration of particle, was 
detected in ochre and iron oxide coatings. This feature may be aligned to enhanced aggregation 
of the ochre and iron oxide coatings of particle sizes. Features of aging progress as reaction time 
was increased. This may be aligned to the availability of thiol and hydroxyl components and 
chemical sites of responses. There is no link to stable introduction of hydroxyl group to species 
of copper and zinc that could meaningfully account to the reduction of these metals [48].
Litter by heavy metals of copper and zinc provided by acid mine drainage and liquid waste 
treatment are the leading sources of blotted water chemistry. Metal plating, mining and paint-
ing cause release of heavy metals of copper and zinc. These metals become a serious health 
problem. This is because they are dogged and have harmful effect on the environment. Heavy 
metals of copper and zinc are required in small quantity element that is essential for nutrition 
[46, 47].
Figure 1. Graphical summary for ochre interaction with copper and zinc ions.
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However, when available in overdose, it may be noxious. This could pose adverse danger 
in groundwater and surface resources as they build-up in living organisms [45]. It is widely 
known that surplus of heavy metals of copper and zinc provides depression, lethargy 
and neurological disorder signs such as nervous confiscations and increased dehydration. 
Therefore, reduction of these metals from water courses is needed. Anthropogenic activities 
release metal load into bodies of water. These metal loads damage the ecosystem and are toxic 
to humans and other forms of life. Chemical solution and appropriate sorbents determine the 
availability of dissolved metal species [44].
Reduction of copper and zinc ions from solutions of aquatic nature is governed by the makeup 
of the solution. These include the outcome of hydrogen ion concentration and the number of 
solid particles in the wastewater. pH remains an important factor in reduction of metal ions 
from the aqueous environments. The amount of dissolved metal in solution is measured by 
pH. Another effect of pH includes hydrolysis characterization and surface charge. Lower pH 
attenuates hydrolysis and enhances metal build-up in the solution. Adsorption of heavy met-
als of copper and zinc is controlled by anion nature and the external layer of the adsorbent [43].
Adsorption related to solute water molecule attachment attenuates as particle concentration 
increases. Adsorption related to solute direct attachment to adsorbent does not significantly 
increase in some cases as adsorbent quantity increases. When adsorption is enhanced as par-
ticle concentration increases, then promotive particle concentration effect is reported. The 
reasons for the promotive adsorption effect by concentration of solid particle remains are 
uncertain. Ionic species available in solution are influenced by the forces at work at the min-
eral-solution interface. This is controlled by formation of high and newly formed reaction 
sites [42].
However, adsorption of metalloids and metals does not have a lined-up rapport with respect 
to these features. The mechanisms of adsorption accountable for heavy metal reduction pro-
vide both slow and fast steps of reactions. The slow reaction period is accredited to slow 
diffusion of interparticle and advanced activation energy when linked with the fast sites of 
metal reaction. The fast reaction period may be distributed to adsorption by electrostatic pull. 
Comparable procedures include adsorption that is specific to adsorbent external layer and for-
mation of an insoluble salt in many respects. In naturally controlled systems, adsorption gen-
erally takes place on external surfaces of ochre and iron oxide coatings of mineral surfaces [41].
These processes could piece together, and the prevalence of one is hard to determine. This 
may be characterized by several uncertain mechanisms. Increase in heavy metal reduction 
from solution as initial concentration of metal increase has been reported. This capacity of 
adsorption increase in kith and kin to the concentration of metal ions can be clarified with the 
high columbic force for mass transfer. The presence of ochre and iron oxide coatings attenu-
ated heavy metal removal over the series of pH (i.e. pH = 4–8) investigated. Increased ionic 
strength (i.e. 0.00–0.1 mol/kg) and concentration of solid (i.e. 0.002–0.01 kg/L) presented a mul-
tifaceted response. The uncontrollable discharge of liquid waste comprising heavy metal load 
into courses of water has occasioned in the degradation of watercourse water chemistry [40].
Thus, reduction of heavy metal load from sewages, before their issue to the ecosystem, is a 
significant problem of contemporary wastewater handling. Metals are routinely different 
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from other noxious pollutants. They cannot be decomposed and can post up in tissues of 
humans. Heavy metals of copper and zinc are major pollutants usually found in effluent 
discharge. Adsorption to ochre especially in their natural states is a fundamental process 
providing the transport, degradation and biological activity of organic compounds in the 
ecosystem. Although often regarded as instantaneous for modeling purposes, adsorption 
may in fact require many months to reach equilibrium. Heavy metal reduction is governed 
by chemical composition of the aqueous system: solution pH, solution ionic strength and 
solid particle concentration, as well the reaction time of the solid component in the waste-
water [39].
However, the particle size of ochre and iron oxide coatings in adsorption tests could signifi-
cantly affect the adsorption features related to the tests. Reaction associated with breaking 
of molecular bond of water linked to reaction pattern is ruled by solution pH and solution 
ionic strength. Attenuation in metal reduction in ochre medium as solution ionic strength 
increases supports metal attachment to water molecules in the adsorption process. In the 
other way around, direct attachment of adsorbate to the adsorbent is involved [40]. The solute 
contained in a solvent provides the solid concentration effect for mechanism of sorbate reduc-
tion, whereby metal reduction models attenuate as solid-to-solvent ratio increases. Different 
sites of reaction could be created as contact between the sorbate and adsorbate structures is 
increased [41].
Here, the effect of ochre and oxides of iron on reduction of heavy metal in relation to com-
position of solution and aging has been discussed. The impacts of various factors, such as 
reaction time, ionic strength, adsorbent size, initial solution pH and solute-solvent ratio on 
the adsorption quantity were studied. Models of adsorption kinetic provided illustrated that 
adsorption quantity of ochre and oxides of iron was dependent on pH (i.e. pH = 4–8), solute-
solvent ratio (i.e. 0.002 kg/L to 0.01/L), the reaction time (i.e. 24–720 h) and the sizes of the 
ochre. The hydronium ion regular diffusion coefficient in the presence of ochre and oxides of 
iron was enhanced when anoxic solution of iron sulphide was introduced into the reaction 
system. The net movement of adsorbate to external layer of the adsorbent decreased with 
contact time increase [42].
Reactions were in three-step processes: chemical species involved were discrete and sepa-
rate, chemical species were bridged and adsorption of adsorbate on the inner surface of the 
adsorbent, and these provided the basis for the kinetic models used. The arsenite reduction 
by the ochre and oxides of iron was altered by the presence of thiol group and submits a non-
promotive Cp effect (i.e. adsorption reduced with increase in Cp). Ochre and oxides of iron 
provided increased arsenite adsorption as reaction time increased until 288 h.
In another study [43], ochre and oxides of iron systems were examined to understand their 
consequence on heavy metal reduction. Isotherms discovered metal reduction by ochre and 
oxides of iron which were controlled by ochre size, solution pH, ionic strength, particle quan-
tity and reaction time. Mineral mixtures containing ochre and oxides of iron provided diverse 
adsorption characteristics from the single ochre and oxides of iron mineral systems. These 
oxides attenuated heavy metal removal over the series of pH (i.e. pH = 4–8) investigated. 
Increased ionic strength (i.e. 0.00–0.1 mol/kg) and adsorbent quantity (i.e. 0.002–0.01 kg/L) 
displayed an intricate response [43].
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Figure 2. Graphical summary for mercury interaction with ochre.
This study was required because the reckless release of wastewater comprising copper and 
zinc into water passages has caused dilapidation of stream water chemistry. Thus, reduction 
of heavy metal ions from sewages, before they are being emptied to the ecosystem, is a key 
issue of modern wastewater control processes. Metals are usually diverse from other toxic 
pollutants. They cannot be decomposed and can build up in living tissues. Heavy metals of 
copper and zinc constitute major pollutants usually located in effluent discharge. Adsorption 
to natural solids like ochre, oxides of iron and clay minerals is a fundamental process influ-
encing the transport, degradation and biological activity of biological compounds in the eco-
system. Although often regarded as instantaneous for modeling purposes, adsorption may in 
fact require many months to reach equilibrium [44].
Again, heavy metal reduction is controlled by chemistry and makeup of the aqueous solution, 
solution pH, ionic strength and adsorbent concentration, besides the reaction time of the solid 
stage in the wastewater. However, the adsorbent particle size of such usual adsorption meth-
odology could alter the adsorption features involved in the report. Reactions comprising the 
breakage of bonds in a water molecular form are a function of solution pH and solution ionic 
strength. Lowering of metal reduction in solution as solution ionic strength increases provides 
adsorbent water molecular attachment. The opposite describes direct attachment of adsorbate 
to the external layer of the adsorbent [45]. The quantity of solute-solvent ratio (i.e. solid concen-
tration) consequence is a usual metal removal mechanism, whereby metal reduction in solution 
isotherm attenuates as quantity of solute-solvent ratio increases. Diverse reaction sites could 
be formed as contact between the adsorbate and ochre and oxides of iron mineral systems was 
increased. This study aimed at discovering the outcome of interacting ochre and oxides of iron 
mineral systems and the mixture components with clays on adsorption behaviour of heavy 
metals of copper and zinc in relation to chemical composition of solution and reaction time [46].
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The influences of various factors, including reaction time, solution ionic strength, adsorbent 
size, initial pH and solid quantity on the adsorption quantity, were studied. Adsorption of 
heavy metals of copper and zinc was looked at by means of single minerals of ochre and 
oxides of iron and their mixed mineral components with clays in sulfidic-anoxic state. Attempt 
was completed to lower the quantity of metal levels in these mine pits before release into the 
ecosystem [47].
Figure 3. Graphical summary for lead interaction with ochre.
Figure 4. Graphical summary for arsenite interaction with ochre.
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Ochre and oxides of iron and their mixtures with clays were tested with the mine waste-
water for description of metal reduction in these mine wastewaters. This was conducted at 
adjustable solution pH, solid quantity and contact time. In addition, levels of saturation of 
complex compounds containing hydroxyl group were modeled. Batch responses directed 
at ambient temperature disclosing all mineral systems reduced metal load. Also, metal 
adsorbed on oxides of iron unveiled enhanced adsorption as solution pH was increased 
(Figures 2–4). There was cross-cutting consequence of heavy metal load attached to ochre 
and oxides of iron at about pH = 7. These cross-cutting features indicated analogous metal 
reduction characteristics [48].
3. Conclusions
Genesis, uses and environmental implications of iron oxides and ores have been considered in 
this chapter. Natural iron oxides occur extensively and are obtained from deposit of various 
types. Hematite is mainly sourced from iron ore of sedimentary origin including hydrother-
mal, metamorphic and volcanic deposits. Mafic and ultramafic rocks are linked with magne-
tite. This is also associated with skarn-type metamorphic deposits.
A mixture of ferrous or ferric oxides constitutes iron oxides provided for pigments. These 
may contain impurities of manganese oxides, clay and silica. Oxides of iron remain one of 
the pigments of natural origin including titanium dioxide. They are highly valued because 
they possess non-toxic, inert, opaque and weather-resistant properties. Oxides of iron con-
stitute the main component of products in the pharmaceutical industry, paint industry, 
plastic industry, ink industry and cosmetic industry. Oxides containing mica provide anti-
corrosion properties. Natural pigments which qualify for these applications are limited 
in occurrence. Thus, synthetic iron oxides obtainable from iron compounds have better 
uniformity, purity of color, consistency and strength. Beneficiation processes of iron ore 
generate dust in the atmosphere, acid mine drainage in the ecosystem and metallic iron for 
steelmaking.
The main sources of air contamination during the beneficiation processes are emission of 
poisonous gases such as nitrous oxide, carbon dioxide, carbon monoxide and sulfur dioxide. 
Beneficiation process requires dissolution of minerals surrounding the ore and the release 
of metals and cement matrix into courses of water. These generate acid leading to acid mine 
drainage. Excess acidity and metal load in the ecosystem result in the loss of ecological bal-
ance and health hazards. Therefore, there is a need for valuation of the environmental impact 
in the planned beneficiation cycle. Sustainable beneficiation is required to reduce its impact 
on the natural, social or economic environment.
Reduction of heavy metal load from sewages, before their issue to the ecosystem, is a signifi-
cant problem of contemporary wastewater handling. Ochre and oxides of iron have been used 
to test the removal of heavy metals including copper and zinc from contaminated aqueous 
environment. This process is governed by solution pH, metal concentration, ochre (i.e. adsor-
bent) concentration and contact time of reaction.
Iron Ores and Iron Oxide Materials34
Author details
Davidson E. Egirani1*, Mohd T. Latif2, Nanfe R. Poyi3, Napoleon Wessey1 and 
Shukla Acharjee4
*Address all correspondence to: eenonidavidson@yahoo.com
1 Faculty of Science, Niger Delta University, Wilberforce Island, Nigeria
2 School of Environmental and Natural Resource Sciences, Universiti Kebangsaan, Malaysia
3 Nigerian Institute of Mining and Geosciences, Jos, Nigeria
4 Centre for Studies in Geography, Dibrugarh University, Assam, India
References
[1] Icopini GA, Anbar AD, Ruebush SS, Tien M, Brantley SL. Iron isotope fraction during 
microbial reduction of iron: The importance of adsorption. Geology. 2004;32:205-208
[2] Buxbaum G, editor. Industrial Inorganic Pigments. 3rd ed. Toronto: Weheim; 1998. 265 p
[3] Zhang CJ, Hu RZ, Zhong H, Zhou MF, Ma R, Li YG. Genetic links of magmatic deposits 
in the Emeishan large igneous province with the dynamics of a mantle plume. Kuangwu 
Yanshi. 2005;25:35-44
[4] Wang T, Duval B, Graedel TE. Exploring the engine of anthropogenic iron. In: Proceedings 
of the National Academy of Science; United States of America. United Sates of America: 
National Academy of Science; 2006. p. 44
[5] Mahiuddin S, Bondyopadhway S, Baruah JN. A study on the beneficiation of indian iron-
ore fines and slime using chemical. International Journal of Mineral. 1989;26:285-296
[6] Egirani DE, Baker AR, Andrews JE. Copper and zinc removal from aqueous solution by 
mixed mineral systems: Reactivity and removal kinetics. Journal of Colloid and Interface 
Sciences. 2005;219:319-325
[7] Jones JG, Warner CG. Chronic exposure to iron oxide, chromium oxide, and nickel 
oxide fumes of metal dressers in a steelwork. British Journal Industrial Medicine. 
1972;29:169-177
[8] Harben W, Kuzvart M. Industrial Minerals: A Global Geology Hardcover. 2nd ed. 
London: Metal Bulletin; 1996. 462 p
[9] Reed MH. Seawater-basalt reaction and the origin of greenstones and related ore depos-
its. Economic Geology. 1983;78:75-81. DOI: 10.2113/gsecongeo.78.3.466
[10] Kappler A, Straub KL. Geomicrobiological cycling of iron. Reviews in Mineralogy and 
Geochemistry. 2005;59:85-108
Genesis, Uses and Environment Implications of Iron Oxides and Ores
http://dx.doi.org/10.5772/intechopen.75776
35
[11] Kapple A, Newman DK. Formation of Fe(III)-minerals by Fe(II)-oxidizing photoautotro-
phic bacteria. Geochimica et Cosmochimica Acta. 2004;68(6):1217-1226
[12] Blakemore R. Magnetotactic bacteria. Science New Series. 1975;190(4212):377-379
[13] Lovley DRI, Phillips EJ. Novel mode of microbial energy metabolism: Organic car-
bon oxidation coupled to dissimilatory reduction of iron or manganese. Applied and 
Environmental Microbiology. 1988;54(6):1472-1480
[14] O’Loughlin EJ, Gorski CA, Scherer MM, Boyanov MI, Kemner KM. Effects of oxyanions, 
natural organic matter, and bacterial cell numbers on the bioreduction of lepidocroc-
ite (γ-FeOOH) and the formation of secondary mineralization products. Environmental 
Science & Technology. 2010;44:4570-4576. DOI: 10.1021/es100294w
[15] Piepenbrock A, Porsch UDK, Appel E, Kappler A. Dependence of microbial magne-
tite formation on humic substance and ferrihydrite concentrations. Geochimica et 
Cosmochimica Acta. 2011;75(22):6844-6858
[16] Byrne JM, Telling ND, Coker VS, Pattrick RAD, van der LG, Arenholz E, et al. Control 
of nanoparticle size, reactivity and magnetic properties during the bioproduction of 
magnetite by Geobacter sulfurreducens. Nanotechnology. 2011;45(22):455709. DOI: 
10.1088/0957-4484/22/45/455709
[17] Konhauser KO, Hamade T, Raiswell R, Morris RC, Ferris FG, Southam G, Canfield DE. 
Could bacteria have formed the Precambrian banded iron formations? Geology. 
2002;30(12):1079-1082
[18] Rasmussen B, Krapež B, Meier DB. Replacement origin for hematite in 2.5 Ga banded 
iron formation: Evidence for postdepositional oxidation of iron-bearing minerals. GSA 
Bulletin. 2014;126(3-4):438-446
[19] Cox GM, Halverson GP, Minarik WG, Le Heron DP, Macdonald FA, Bellefroida EJ, et al. 
Neoproterozoic iron formation: An evaluation of its temporal, environmental and tec-
tonic significance. Chemical Geology. 2013;362:232-249
[20] Klein C. Some Precambrian banded iron-formations (BIFs) from around the world: Their 
age, geologic setting, mineralogy, metamorphism, geochemistry, and origins. American 
Mineralogist. 2005;90(10):1473-1499
[21] Bekker A, Slack JF, Planavsky N, Krapez B, Hofmann A, Konhauser KO, Rouxel OJ. Iron 
formation: The sedimentary product of a complex interplay among mantle, tectonic, oce-
anic, and biospheric processes. Economic Geology. 2010;105(3):467-508
[22] Olubambi PA, Potgieter JH. Effectiveness of gravity concentration for the beneficiation 
of Itakpe (Nigeria) iron ore achieved through jigging operation. Journal of Minerals & 
Materials Characterization & Engineering. 2005;4(1):21-30
[23] Das B, Prakash S, Das SK, Reddy PSR. Effective beneficiation of low grade iron ore 
through jigging operation. Journal of Minerals & Materials Characterization & Engineer-
ing. 2007;7(1):27-37
Iron Ores and Iron Oxide Materials36
[24] Ohimain EI. Scrap iron and steel recycling in Nigeria. Greener Journal of Environmental 
Management and Public Safety. 2013;2(1):001-009
[25] Ajaka EO. Recovering fine iron minerals from Itakpe iron ore process tailing. ARPN 
Journal of Engineering and Applied Sciences. 2009;4(9):17-28
[26] Barham LS. Systematic pigment use in the middle Pleistocene of south-Central Africa. 
Current Anthropology. 2002;43(1):181-190
[27] Tartaj P, Morales MP, Gonzalez-Carreño T, Veintemillas-Verdaguer S, Serna CJ. The 
iron oxides strike back: From biomedical applications to energy storage devices and 
Photoelectrochemical water splitting. Advanced Materials. 2011;23(44):5243-5249
[28] Harben PW, editor. The Industrial Minerals Handybook — A Guide to Markets, 
Specifications and Prices. 4th ed. Worcester Park, UK: Industrial Minerals Information 
Services; 2002. 412 p
[29] Roebroeks W, Sier MJ, Nielsen TK, De Loecker D, Pares JM, Arps CE, et al. Use of red 
ochre by early Neandertals. In: Klein RG, editor. Proceedings of the National Academy 
of Sciences; United States of America. United States of America: National Academy of 
Science; 2012. pp. 1889-1894
[30] Karapinar N. Magnetic separation of ferrihydrite from wastewater by magnetic seed-
ing and high-gradient magnetic separation. International Journal of Mineral Processing. 
2003;71(22):45-54
[31] Chunba Xu C, Cang D-Q. A brief overview of low CO2 emission technologies for iron and steel making. Journal of Iron and Steel Research, International. 2010;17(3):1-7
[32] Halt JA, Silva BB, Kawatra SK. A new on-line method for predicting iron ore pellet qual-
ity. Mineral Processing and Extractive Metallurgy Review. 2015;36(6):377-384
[33] Kolo K, Konhauser K, Krumbein WE, Ingelgem YV, Hubin A, Claeys P. Microbial disso-
lution of hematite and associated cellular fossilization by reduced iron phases: A study 
of ancient microbe-mineral surface interactions. Astrobiology. 2009;9(8):777-796
[34] Kumar M, Jena S, Patel SK. Characterization of properties and reduction behavior of iron 
ores for application in sponge ironmaking. Journal Mineral Processing and Extractive 
Metallurgy Review. 2007;29(2):118-129
[35] Zervas T, McMullan JT, Williams BC. Developments in iron and steel making. Inter-
national Journal of Energy Research. 1996;20(1):69-91
[36] Yang J-B, Cai N-S, Li Z-S. Hydrogen production from the steam−iron process with 
direct reduction of iron oxide by chemical looping combustion of coal char. Energy. 
2008;22(4):2570-2579
[37] Olayebi OO. Steel making experience in the use of Nigerian iron ore at the Delta steel com-
pany, Nigeria. Journal of Chemical Engineering and Materials Science. 2014;5(5):47-62
[38] Osinubi KJ, Yohanna P, Eberemu AO. Cement modification of tropical black clay using 
iron ore tailings as admixture. Transportation Geotechnics. 2015;5:35-49
Genesis, Uses and Environment Implications of Iron Oxides and Ores
http://dx.doi.org/10.5772/intechopen.75776
37
[39] Egirani DE, Andrews JE, Baker AR. Copper and zinc removal from aqueous solution 
using mixed mineral systems injected with iron sulfide under sulfidic-anoxic conditions i: 
Reactivity and removal kinetics. International Journal of Environmental Engineering 
Science and Technology Research. 2014;2(4):1-15
[40] Egirani DE, Baker AR, Andrews JE. Copper and zinc removal from aqueous solution by 
mixed mineral systems ii. The role of solution composition and aging. Journal of Colloid 
and Interface Science. 2005;291:326-333
[41] Egirani DE, Andrews JE, Baker AR. Copper removal from aqueous solution using mixed 
mineral systems injected with zinc sulfide in sulfidic- anoxic conditions II. The role of 
solution composition and ageing. The Journal of Energy and Environmental Science 
Photon. 2014;128:457-466
[42] Egirani DE, Andrews JE, Baker AR. Copper and zinc removal from aqueous solution 
using mixed mineral systems injected with iron sulfide under sulfidic- anoxic conditions 
1: Reactivity and removal kinetics. International Journal of Environmental Engineering 
Science and Technology Research. 2014;2(4):1-15
[43] Egirani DE, Andrews JE, Baker AR. Copper and zinc removal from aqueous solution 
using mixed mineral systems injected with iron sulfide under sulfidic- anoxic conditions 
ii. The role of solution composition and ageing. International Journal of Environmental 
Engineering Science and Technology Research. 2014;(4):1-14
[44] Egirani DE, Andrews JE, Baker AR. Copper removal from aqueous solution using mixed 
mineral systems injected with zinc sulfide in sulfidic- anoxic conditions I: Reactivity 
and removal kinetics. The Journal of Energy and Environmental Science, Photon. 
2014;128:467-478
[45] Egirani DE, Andrews JE, Baker AR. Characterization and geochemical modelling of 
Cu and Zn sorption using mixed mineral systems injected with iron sulfide under sul-
fidic anoxic conditions i: Case study of Cwmheidol mine wastewater, Wales, United 
Kingdom. International Science Index, Geochemical and Geological Engineering. 2015; 
9(8):1075-1083
[46] Egirani DE, Wessey N, Aderogba A. Effect of mineral systems on copper and zinc removal 
from aqueous solution part ii. Journal of Applied Chemical Science International. 
2016;5(3):174-181
[47] Egirani DE, Wessey N, Aderogba A. Effect of mineral systems on copper and zinc removal 
from aqueous solution part i. Journal of Applied and Chemical Science International. 
2016;6(1):1-9
[48] Egirani DE, Wessey N, Acharjee S. Characterization and geochemical modelling of 
Cu and Zn sorption using mineral systems injected with iron sulfide: Case study of 
mine waste water, Wales, United Kingdom. World Journal of Applied Chemistry. 
2017;2(1):13-23
Iron Ores and Iron Oxide Materials38
